Bone ingrowth requires materials with the existence of open and interconnected pores with diameters larger than 150 µm for proper circulation of nutrients. Such materials must possess enough mechanical strength to avoid failure whilst offering a bioactive surface for bone regeneration. We have developed porous ceramic alumina scaffold with compressive strength that achieves 3.3 MPa by replication method by using the network structure of cellular polymer foam. However, the biocompatibility of ceramics based on Al 2 O 3 requires further improvement so that it could have strong bonding to natural bone tissue. To address this problem of the interface between alumina and bone, we have developed a novel calcium phosphate with Zn 2+ (CaP-Zn) coating onto porous alumina ceramic scaffold by impregnating with calcium phosphate/poly(vinyl alcohol) slurry. The tri-dimensional alumina scaffold coated with CaP-Zn was extensively characterized by SEM, EDS and FTIR.
Introduction
In recent years, particular attention was paid to the synthesis of bioceramics with porous morphology to allow the ingrowth of bone tissue 1 . The appropriate porosity and bioactivity allows the in-growth of bone tissue to achieve full integration with the living bones and the factors that affect the osteoconduction in the porous materials are the pore size, pore shape, pore connectivity, and bioactivity 2 . Ideally, the material should support compressive loading and tensile or torsion stress, however this can be difficult to conciliate with the fulfillment of the specifications for 3D structure 3 . Alumina bioceramics are being used in total joint replacement because of inertness, excellent biocompatibility and high wear resistence 4 . However alumina has a fundamental limitation as an implant material in that, like other "inert" biomaterials, a non-adherent fibrous membrane may develop at the interface. In certain circumstances interfacial failure can occur, leading to loosening of the implant 5 . Many investigators have reported hydroxyapatite (Hap) coating on various implants, and it is know that hydroxyapatite coating stimulates bone formation 6 . Other aspect of particular importance is that has been increasing interest in the use of pharmacological agents to promote tissue regeneration around implanted biomaterials. Of the many trace elements, zinc is reported to be involved in bone metabolism [7] [8] [9] [10] , showing that Zn 2+ increases bone protein, calcium content, and alkaline phosphatase activity in rat calvaria 11 . Other role of zinc is protecting biological structures from damage by free radicals 12 . In this study we presented a novel approach to obtain a potential bioactive surface in porous alumina scaffold. The basic concept involves coating a thin layer of calcium phosphate onto the surface of highly porous ceramic material based on alumina, followed by Zn 2+ incorporation on the coating layer.
Materials and Methods
The calcium phosphate powder used in the experiment was synthesized following the procedure previously reported by our group 13 with particle size below 400 mesh (< 38 µm) and x ray diffraction analysis (XRD) showing very low crystallinity degree with 78% of amorphous phase. The thermal treatment adopted in the synthesis of the calcium phosphate was limited to drying in the stove at temperature of 110 °C for 24 hours.
All calcium phosphate suspensions used as coating layer were stabilized and dispersed by polyvinyl alcohol (PVA) with hydrolysis grade 98.0-98.8% and molecular weight between 13,000 and 23,000 (Celvol 107, Celanese Chemicals).
PVA aqueous solution with concentration 5.0 wt. (%) (PVA/water ratio) was prepared by fully dissolving PVA granules in deionized water at 90 ± 5 °C for 30 minutes. Then, Ca-P powder was added to the just prepared PVA solution, at concentration of 5.0 wt. (%) (CaP/PVA ratio), mixed for 15 minutes, obtaining a uniform and well-dispersed PVA/Ca-P suspension.
In the coating treatment porous alumina samples previously obtained by the foam replication were immersed in the calcium phosphate suspension, maintained for 30 minutes, then removed and dried at ambient temperature. The dried samples were immersed in ethanol (P.A., Sigma) solution containing 1 wt. (%) Zn 2+ (Sigma, P.A., Zn(NO 3 ) 2 ) for 30 minutes for zinc incorporation on the CaP coating.
CaP powder and porous scaffold obtained were characterized. Chemical compositions and pore structure were analyzed by Energy Dispersive x ray analysis (EDS) and scanning electron microscopy (SEM -JSM 360LV). Fourier Transform Infrared Spectroscopy Analysis (FTIR) was also used to analyze the coated samples.
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FTIR spectra were obtained within the range between 4000 and 400 cm -1 (Perkin-Elmer, Paragon 1000) using diffuse reflectance spectroscopy method. Samples were prepared by mixing with previously dried KBr powder (110 °C for 4 hours). Samples were placed in a sampling cup and 32 scans were acquired at 2 cm -1 resolution with the subtraction of KBr background.
Results and Discussion
In Figure 1 are showed SEM micrographs of samples coated by immersion in the CaP/PVA suspension and with zinc incorporated onto the surface. In Figure 1a , it can be seen pore distribution and morphology with diameter ranging from 300 to 500 µm with very small particles scattered and deposited on the surface of the alumina scaffold. EDS analysis (not showed) on the coated layer showed the presence of Al, Ca and P peaks, indicating that the deposited coating is a calcium phosphate layer with a low concentration of Zn 2+ incorporated. It is important to point out that, due to very low concentration of Zn 2+ incorporated to the scaffold coated with CaP/PVA, the characteristic Zn(Kα) line fell in the background range of the spectra. Moreover, it has been recently reported in the literature 16, 17 that using zinc associated with calcium phosphates has enhanced the bioactivity in bone tissue regeneration. However, Zn 2+ at an elevated level induces adverse reactions and must be released slowly from the implant. Hence, it has to be kept at the concentration of a doping element in the calcium phosphate based biomaterials. A closer look on the pore region of embedded samples has allowed a much better visualization of the CaP/PVA coatings, as presented in Figure 1b . The thickness of the CP/PVA coatings varied between 20-30 µm. It has clearly revealed a uniform coating layer, with average thickness of about 12.0 µm in close contact with the alumina surface.
Chemical and physical properties on surface materials can be optimized to specific applications, maintaining the critical properties of bulk. By deposition of a coating with CaP/PVA suspension, we had obtained a layer with regular thickness, which resulted in a potential bioactive layer on macroporous alumina scaffold. In addition, the EDS analysis showed presence of zinc al low concentration level incorporated in the CaP/PVA coating of sample, which is an element that released at low concentration present pharmacological effect in bone metabolism 16, 17 . In Figure 2a is presented the FTIR spectrum of calcium phosphate powder used in the suspension deposited on the surface of alumina scaffold, that identified bands corresponding to the vibration modes of PO 4 3-group (565, 599, 960 and 1041 cm -1 ) and to CO 3 2-group (871, 1414 and 1454 cm -1 ), characteristics of the apatites 13 . FTIR spectrum of alumina samples immersed in CaP/PVA suspension followed by zinc incorporation (Figure 2b) showed the same bands as Figure 2a with the addition of vibration bands corresponding to the C-OH at 1336 cm -1 of PVA 14 and bands corresponding to the Al-O bonds 15 in the region below 700 cm -1 . Figure 2c presents the reference FTIR curve obtained from the alumina scaffold used on the production of porous tri-dimensional structure after thermal treatment at temperature of 1550 °C.
Based on the FTIR results one can affirm that alumina was successfully coated by the proposed calcium phosphate suspension where all major vibration peaks associated with chemical groups were detected. Hence, FTIR results have endorsed the SEM and XRD findings that the 3D macroporous scaffold was coated by a CaP/PVA. Biocompatibility was evaluated by VERO cell spreading and attachment assays. Viable cells were observed on the alumina porous scaffold coated with CaP/PVA as presented in Figure 3 . SEM image showed in Figure 3 illustrates how viable cells spread onto biocompatible surfaces followed by the attachment. On the opposite, a cytotoxic material would have caused cell death and un-adhered to the biomaterial with a round-like morphology.
Conclusions
We have found strong evidence that a new method to obtain high strength material such as alumina with tri-dimensional porous structure and uniformly covered with a biocompatible coating of calcium phosphate doped with Zn 2+ was developed. Such system has high potential to be used in bone tissue engineering.
